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Abstract
AIM: To investigate the effect of being overweight on 
the surgical results of patients with gastric cancer.

METHODS: Comprehensive electronic searches of the 
PubMed, Web of Science, and Cochrane Library da-
tabases were conducted. Studies were identified that 
included patients with surgical complications from gas-
tric cancer who were classified as normal weight [body 
mass index (BMI) < 25 kg/m2] or overweight (BMI ≥ 
25 kg/m2). The operative time, retrieved lymph nodes, 
blood loss, and long-term survival were analyzed. A 
subgroup analysis was conducted based on whether 
patients received laparoscopic or open gastrectomy 
procedures. All statistical tests were performed using 
ReviewerManager 5.1.2 software.

RESULTS: This meta-analysis included 23 studies with 
20678 patients (15781 with BMI < 25 kg/m2; 4897 

with BMI ≥ 25 kg/m2). Overweight patients had 
significantly increased operation times [MD: -29.14; 
95%CI: -38.14-(-20.21); P  < 0.00001], blood loss [MD: 
-194.58; 95%CI: -314.21-(-74.95); P  = 0.001], com-
plications (RR: 0.75; 95%CI: 0.66-0.85; P  < 0.00001), 
anastomosis leakages (RR: 0.59; 95%CI: 0.42-0.82; P  
= 0.002), and pancreatic fistulas (RR: 0.486; 95%CI: 
0.34-0.63; P  < 0.00001), whereas lymph node re-
trieval was decreased significantly in the overweight 
group (MD: 1.69; 95%CI: 0.75-2.62; P  < 0.0001). In 
addition, overweight patients had poorer long-term 
survival (RR: 1.14; 95%CI: 1.07-1.20; P  < 0.0001). 
No significant difference was detected for the mortality 
and length of hospital stay.

CONCLUSION: This meta-analysis demonstrates that 
a high BMI not only increases the surgical difficulty and 
complications but also impairs the long-term survival 
of patients with gastric cancer.

© 2013 Baishideng. All rights reserved.
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Core tip: Surgical and postoperative complications are 
believed to be greater for overweight patients with 
gastric cancer, but this is controversial due to conflict-
ing results from previous studies. This meta-analysis 
identified 23 studies with a total of 20678 patients, 
and the results indicate that overweight patients had 
significantly increased operation times, blood loss, 
complications, anastomosis leakages, and pancreatic 
fistulas, whereas lymph node retrieval was decreased 
significantly in the overweight group. In addition, over-
weight patients had poorer long-term survival. There-
fore, being overweight not only increased the surgical 
difficulty and complications but also impaired the long-
term survival of patients with gastric cancer.
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INTRODUCTION
The increasing global prevalence of  overweight and 
obese individuals is problematic[1,2] for Western coun-
tries[3] and is also a concern for Eastern countries such as 
China[4] and South Korea[5]. Consequently, abdominal sur-
geries are increasingly more difficult because increasing 
numbers of  surgeries are performed on overweight and 
obese individuals. In particular, gastric cancer studies[6,7] 
reported that excess body weight is associated with unfa-
vorable surgical results, including longer operating times, 
decreased lymph node retrieval, increased postoperative 
complications, and decreased survival rates. Radical gas-
trectomy with D2 node dissection is the recommended 
surgical approach for patients with resectable (curable) 
gastric cancer[8]. However, the results of  postoperative 
morbidity, mortality, and long-term survival after D2 
node dissection differed significantly between different 
studies from Asia and Europe[8-14]. This discrepancy may 
be due to the variable prevalence of  overweight patients 
in Western and Eastern countries. Excess visceral fat in 
overweight patients theoretically complicates manipula-
tion of  the omentum and impedes lymph node dissection 
during radical gastrectomy due to decreased visualization 
of  the branches of  the arteria celiaca, which could increase 
surgical and postoperative complications and mortality. 
However, a number of  studies[15-18] reported conflicting 
results about the effect of  being overweight on both the 
short-term and long-term surgical outcomes for patients 
with gastric cancer. To more comprehensively understand 
this issue, we conducted a meta-analysis. 

MATERIALS AND METHODS
Search strategy
Two authors (Wu XS and Wu WG) independently 
conducted comprehensive electronic searches of  the 
PubMed, Web of  Science, and Cochrane Library databas-
es for all dates prior to January 2013. The search strategy 
was unrestricted for English-language journals and used 
combinations of  MeSH and text words for overweight, 
body mass index (BMI), gastric cancer, and gastrectomy, 
e.g., the string “Body Mass Index” (Mesh) or “overweight” 
(MeSH Terms) or overweight (Text Word) and “gastrec-
tomy” (MeSH Terms) or gastrectomy (Text Word) or 
“stomach neoplasms” (MeSH Terms) or gastric cancer 
(Text Word). In addition, reference lists of  all retrieved 
articles were manually searched for additional studies that 
were missed by the electronic search.

Inclusion and exclusion criteria
The inclusion criteria for the meta-analysis were studies 
that examined the influence of  body weight on gastric 
cancer surgical outcomes (morbidity, anastomotic leakage, 
pancreatic fistula, postoperative mortality, operative time, 
lymph node retrieval, blood loss, postoperative hospital 
stay, and long-term survival). In the studies we chose, 
there were patients with normal-weight and overweight 
presurgical BMIs based on World Health Organization 
definitions (overweight BMI ≥ 25 kg/m2; healthy-weight 
BMI < 25 kg/m2)[19,20]. Reviews, case reports, and series 
reports were excluded. When data were presented in 
more than one publication, publications with smaller data 
sets were excluded. Disagreements regarding a study’s 
eligibility were resolved based on a consensus of  reviews 
from two additional authors (Li ML and Yang JH). 

Outcome measures analyzed
Three outcome variables, including the operation time, 
number of  retrieved lymph nodes, and blood loss, were 
analyzed as indices of  the surgical difficulty. We estimated 
the influence of  a high BMI on surgical safety, morbidity, 
anastomotic leakage, pancreatic fistula, postoperative mor-
tality, and postoperative hospital stay. The long-term sur-
vival of  overweight and healthy-weight patients was also 
compared as an index of  successful clinical resolution.

Data extraction and risk of bias assessment 
Data were extracted from each study by two indepen-
dent reviewers (Ding QC and Zhang L), who also rated 
the overall quality of  each outcome according to the 
recommendation of  the Cochrane Handbook for Sys-
tematic Reviews of  Interventions[21]. The criteria to assess 
nonrandomized studies were taken from the Grading 
of  Recommendations Assessment, Development, and 
Evaluation Working Group[22]. By combining the afore-
mentioned recommendations, the following aspects of  
each included study were evaluated: the application of  an 
internal control, adequate control of  confounding fac-
tors, adequate reporting of  outcomes, and the absence of  
a variable definition. Agreement for ratings was achieved 
via author consensus, as needed.

Statistical analysis
The statistical analysis was performed using Reviewer-
Manager (Version 5.1.2, 2011, The Nordic Cochrane 
Centre, Cochrane Collaboration, www.cochrane-hand-
book.org). Statistical methods were based on the Cochrane 
Handbook for Systematic Reviews of  Interventions[21]. Hetero-
geneity was checked using χ 2 tests, and P < 0.1 was the 
cutoff  for statistical significance. A random effects model 
was applied for the meta-analysis using a more conserva-
tive perspective. Data from different trials reporting the 
same or similar outcomes were combined. The results 
were expressed using the RR for binary variables and the 
MD for continuous variables. Methods for relevant data 
extraction were based on Tierney et al[23]. The cutoff  for 
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statistical significance was P < 0.05, and the 95%CI was 
presented for each effect measure. Subgroup analysis was 
conducted based on whether patients received a lapa-
roscopic gastrectomy or a total gastrectomy. Whenever 
possible, all analyses were based on the intention-to-treat 
principle. Publication bias exploration using a funnel plot 
and Egger’s regression method[24] was performed if  at 
least 10 trials were included in an outcome variable. Pub-
lication bias was considered to exist for P < 0.05.

RESULTS
Description of the included trials
We retrieved 996 records from the PubMed search and 
45 records from the manual search. Twenty-three tri-
als[15-18,25-43], which included multiple study types, proce-
dures, percentages of  patients with early gastric cancer, 
therapeutic modalities, and BMI cutoffs, met the eli-
gibility criteria and were included in the meta-analysis 
(Table 1). Excluded reports largely had irrelevant top-
ics. Twelve studies were excluded because they did not 
define overweight patients using the 25 kg/m2 criteria. 
Figure 1 shows the flow chart for the selection of  articles 
based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses[44]. This meta-analysis identi-
fied patients with healthy-weights (BMI < 25 kg/m2) (n 
= 15781) and patients who were overweight (BMI ≥ 25 
kg/m2) (n = 4897). For five included studies[27,28,30,33,35] that 
classified patients using more than one BMI cutoff  point, 
binary variables were successfully combined, but it was 
not possible to pool these studies’ continuous variables. 
Only four studies[16,17,32,35] were considered to have a low 
risk of  bias, and all others were considered to have high 
risk of  bias. Most of  them were considered high risk be-
cause of  the selective reporting or absence of  variables 
definition.

Surgical results for all patients
Overweight patients had significantly longer operation 

times [MD: -29.14; 95%CI: -38.14-(-20.21); P < 0.00001, 
Figure 2A], greater blood loss [MD: -194.58; 95%CI: 
-314.21-(-74.95); P = 0.001], reduced lymph node retrieval 
(MD: 1.69; 95%CI: 0.75-2.62; P < 0.0001) (Table 2), and 
more postoperative complications (RR: 0.75; 95%CI: 
0.66-0.85; P < 0.00001, Figure 2B). Specifically, anasto-
motic leakage (RR: 0.59; 95%CI: 0.42-0.82; P = 0.002, 
Figure 2C) and pancreatic fistula (RR: 0.486; 95%CI: 
0.34-0.63; P < 0.00001, Figure 2D) were significantly 
greater in the overweight cohort. There was no significant 
difference between the two cohorts for the postoperative 
mortality or postoperative hospital stay. Patients in the 
normal-weight cohort had higher cancer-specific survivor-
ship (RR: 1.14; 95%CI: 1.07-1.20; P < 0.0001, Figure 2E). 

There was significant heterogeneity in the operation 
time, morbidity, anastomotic leakage, blood loss, long-
term survival, and postoperative hospital stay results. No 
heterogeneity was detected for any of  the other assessed 
outcomes. No publication bias was detected for the mor-
bidity outcomes (P = 0.05), anastomotic leakage (P = 
0.291), or mortality (P = 0.272).

Surgical results for patients receiving open gastrectomy
Overweight patients who received open gastrectomy had 
longer operation times [MD: -25.24; 95%CI: -33.53-(-16.95); 
P < 0.00001], greater intraoperative blood loss [MD: 
-212.93; 95%CI: -301.04-(-124.82); P < 0.00001], in-
creased postoperative complications (RR: 0.78; 95%CI: 
0.66-0.94; P = 0.007), more anastomotic leakage (RR: 0.58; 
95%CI: 0.38-0.89; P = 0.01), and increased pancreatic fis-
tulas (RR: 0.46; 95%CI: 0.38-0.67; P < 0.0001) compared 
with patients with healthy weights (Table 2). There were 
no significant differences between the cohorts for mor-
tality, postoperative hospital stay, or number of  retrieved 
lymph nodes. Non-overweight patients had better overall 
survival results than overweight ones (RR: 1.14; 95%CI: 
1.07-1.20; P < 0.0001).

There was significant heterogeneity in the morbidity, 
anastomotic leakage, operative time, number of  retrieved 
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Records identified through database searching (n  = 996) Additional records identified through other sources (n  = 45)

Records after duplicates removed (n  = 1003)

Records screened (n  = 1003) Records excluded based on abstract screening (n  = 958)
   Not cancer related (652)
   Review (26)
   No information of BMI (207)
   No surgical results (73)

Full-text articles assessed for eligibility (n  = 45)

Full-text articles excluded, with reasons (n  = 22)
   Different BMI cutoff (12)
   No gastric surgical results (6)
   Duplication (2)
   No information of BMI (1)
   Review (1) 

Studies included in qualitative synthesis (n  = 23)

Studies included in quantitative synthesis (meta-analysis) (n  = 23)

Figure 1  PRISMA flow chart showing study selection process. BMI: Body mass index.
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Normal BMI High BMI Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI

Bickenbach et al [43] 272 84   728 320 102 1125   15.3% -48.00 [-56.53, -39.47]
Kawamura et al [36] 236 60.7   349 262.4   58.2   124   13.4% -26.40 [-38.46, -14.34]
Lee et al [38] 223.7 75.6 1053 242.5   84.6   432   15.0% -18.80 [-27.99, -9.61]
Nobuoka et al [40] 245.1 69.3   545 265.9   74.1     99   11.5% -20.80 [-36.51, -5.09]
Oh et al [5] 254.11 50.13     37 285.03   37.99     24     8.5% -30.92 [-53.10, -8.74]
Oh et al [16] 173.7 47.6   311 199.2   61.8     99   12.8% -25.50 [-38.77, -12.23]
Ojima et al [31] 277 85   573 315   75   116   11.7% -38.00 [-53.32, -22.68]
Tanaka et al [26] 269 83   144 286   77     47     7.1% -17.00 [-42.85, 8.85]
Yasuda et al [34] 239 48     83 271   69     16     4.7% -32.00 [-67.35, 3.35]

Total (95%CI) 3823 2082 100.0% -29.14 [-38.08, -20.21]
Heterogeneity: Tau2 = 116.74; χ 2 = 26.79, df = 8 (P  = 0.0008); I 2 = 70%
Test for overall effect: Z  = 6.39 (P  < 0.00001) -100        -50           0           50         100

   Favors normal BMI     Favors high BMI

A

B Normal BMI High BMI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight MH, random, 95%CI MH, random, 95%CI

Bickenbach et al [43]   279     728   551 1125   14.4% 0.78 [0.70, 0.87]
Inagawa et al [28]     12     239     12     54     2.5% 0.23 [0.11, 0.48]
Kawamura et al [36]     37     349     20   124     4.6% 0.66 [0.40, 1.09]
Kim et al [30]     45     791     33   309     5.7% 0.53 [0.35, 0.82]
Kulig et al [18]   533   1500   182   492   13.7% 0.96 [0.84, 1.10]
Kunisaki et al [25]       4     123       4     29     0.9% 0.24 [0.06, 0.89]
Lee et al [38]   147   1053     68   432     9.6% 0.89 [0.68, 1.16]
Lee et al [42]     23     157       7     86     2.2% 1.80 [0.81, 4.02]
Murphy et al [35]       5       27       4     23     1.1% 1.06 [0.32, 3.50]
Nobuoka et al [40]   192     545     48     99   10.5% 0.73 [0.58, 0.92]
Oh et al [5]       2       37       3     24     0.5% 0.43 [0.08, 2.40]
Oh et al [16]     43     311     24     99     5.5% 0.57 [0.37, 0.89]
Pacelli et al [33]     21       76     21     69     4.5% 0.91 [0.55, 1.51]
Tokunaga et al [15] 1276   6799   250 1126   14.1% 0.85 [0.75, 0.95]
Tsujinaka et al [32]   101     446     27     77     7.3% 0.65 [0.46, 0.92]
Yasuda et al [34]     13       83       4     16     1.5% 0.63 [0.23, 1.68]
Yoshikawa et al [39]       6       53       4     13     1.2% 0.37 [0.12, 1.12]

Total (95%CI) 13317 4197 100.0% 0.75 [0.66, 0.85]
Total events 2739 1262
Heterogeneity: Tau2 = 0.03; χ 2 = 38.26, df = 16 (P  = 0.001); I 2 = 58%
Test for overall effect: Z  = 4.48 (P  < 0.00001) 0.01         0.1            1            10         100

   Favors normal BMI     Favors high BMI

C Normal BMI High BMI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight MH, random, 95%CI MH, random, 95%CI

Bickenbach et al [43]   15   728   65 1125   12.3% 0.36 [0.21, 0.62]
Deguchi et al [41]   26 1320     9   320     9.7% 0.70 [0.33, 1.48]
Gretschel et al [27]     6     82     9   117     7.2% 0.95 [0.35, 2.57]
Inagawa et al [28]     9   239   11     54     8.8% 0.18 [0.08, 0.42]
Kawamura et al [36]     7   349     2   124     3.8% 1.24 [0.26, 5.91]
Kim et al [30]     5   791     1   309     2.2%   1.95 [0.23, 16.65]
Kulig et al [18]   36 1500   17   492   12.1% 0.69 [0.39, 1.23]
Lee et al [38]   14 1053     3   432     5.3% 1.91 [0.55, 6.63]
Lee et al [42]     3   157     3     86     3.7% 0.55 [0.11, 2.66]
Murphy et al [35]     1     27     0     23     1.1%   2.57 [0.11, 60.24]
Nobuoka et al [40]   25   545     5     99     7.7% 0.91 [0.36, 2.32]
Oh et al [16]     2   311     1     99     1.8% 0.64 [0.06, 6.95]
Ohno et al [37]     3   157     3     40     3.8% 0.25 [0.05, 1.22]
Ojima et al [31]     3   573     5   116     4.4% 0.12 [0.03, 0.50]
Pacelli et al [33]     3     76     3     69     3.8% 0.91 [0.19, 4.35]
Tanaka et al [26]     7   144     1     47     2.4%   2.28 [0.29, 18.09]
Tsujinaka et al [32]     8   446     3     77     5.0% 0.46 [0.12, 1.70]
Yamada et al [17]     3   106     2     35     3.1% 0.50 [0.09, 2.84]
Yasuda et al [34]     2     83     1     16     1.9% 0.39 [0.04, 4.00]

Total (95%CI) 8687 3680 100.0% 0.59 [0.42, 0.82]
Total events 178 144
Heterogeneity: Tau2 = 0.17; χ 2 = 27.27, df = 18 (P  = 0.07); I 2 = 34%
Test for overall effect: Z  = 3.07 (P  = 0.002) 0.01         0.1            1            10         100

   Favors normal BMI     Favors high BMI
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lymph nodes, blood loss, and postoperative hospital stay. 
No heterogeneity was found in any of  the other assessed 
outcomes. There was no evidence of  publication bias (P 
> 0.05 for all 3 of  the following outcomes: morbidity, 
anastomotic leakage, and mortality).

Surgical results for patients receiving laparoscopic 
gastrectomy
Overweight patients receiving laparoscopic gastrectomies 
had increased complications (RR: 0.48; 95%CI: 0.29-0.79; 
P = 0.004), longer operation times [MD: -15.06; 95%CI: 
-17.41-(-12.70); P < 0.00001], more blood loss [MD: 
-47.83; 95%CI: -68.12-(-27.53); P < 0.00001], and fewer 
retrieved lymph nodes (MD: 2.11; 95%CI: 1.35-2.88; P 
< 0.00001) than healthy-weight patients (Table 2). There 
were no significant differences in any of  the other out-
comes. Morbidity was a heterogeneous outcome with 
very low quality, whereas the other outcomes were rated 
as low quality. Egger’s regression method was not applied 
in this subgroup analysis because none of  the outcome 
variables included at least 10 trials.

Surgical results for patients receiving total gastrectomy
Overweight patients receiving total gastrectomies had 
increased complications (RR: 0.68; 95%CI: 0.56-0.84; P 
= 0.0003), more pancreatic fistulas (RR: 0.56; 95%CI: 
0.42-0.74; P < 0.0001), longer operation times [MD: 
-23.94; 95%CI: -32.62-(-15.25); P < 0.00001], more 

blood loss [MD: -293.84; 95%CI: -401.80-(-185.87); P < 
0.00001], and fewer retrieved lymph nodes (MD: 3.99; 
95%CI: 1.14-6.83; P = 0.006) than healthy-weight pa-
tients. There were no significant differences in any of  the 
other outcomes.

Surgical results for patients receiving subtotal 
gastrectomy
Overweight patients receiving subtotal gastrectomies had 
increased complications (RR: 0.61; 95%CI: 0.40-0.94; 
P = 0.02), longer operation times [MD: -22.02; 95%CI: 
-29.18-(-14.86); P < 0.00001], and more blood loss [MD: 
-58.36; 95%CI: -93.56-(-23.45); P = 0.001] than healthy-
weight patients. There were no significant differences in 
any of  the other outcomes, including pancreatic fistulas 
and the number of  retrieved lymph nodes.

DISCUSSION
Theoretically, comorbidity risk factors[45] and surgical 
complications could cause prolonged surgical times, in-
creased blood loss, more postoperative complications, 
and greater intraoperative mortality. However, the effects 
of  comorbidity risk factors are uncertain because pub-
lished papers[25-43] assessing the relationship between be-
ing overweight and poor surgical outcomes have reported 
conflicting results, especially for the outcome variables, 
such as morbidity, mortality, and long-term survival. 

Normal BMI High BMI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight MH, random, 95%CI MH, random, 95%CI

Gretschel et al [27]     5     82 10 117     8.1% 0.71 [0.25, 2.01]
Kawamura et al [36]     2   349   2 124     2.5% 0.36 [0.05, 2.50]
Nobuoka et al [40]   95   545 33   99   40.7% 0.52 [0.37, 0.73]
Ojima et al [31]   14   573 13 116   14.8% 0.22 [0.11, 0.45]
Tanaka et al [26]   21   144 10   47   16.6% 0.69 [0.35, 1.35]
Tsujinaka et al [32]   20   446 10   77   15.1% 0.35 [0.17, 0.71]
Yamada et al [17]     2   106   0   35     1.1%   1.68 [0.08, 34.22]
Yasuda et al [34]     1     83   1   16     1.3% 0.19 [0.01, 2.93]

Total (95%CI) 2328 631 100.0% 0.46 [0.34, 0.63]
Total events 160 79
Heterogeneity: Tau2 = 0.03; χ 2 = 8.37, df = 7 (P  = 0.30); I 2 = 16%
Test for overall effect: Z  = 4.90 (P  < 0.00001) 0.01         0.1            1            10         100

   Favors normal BMI     Favors high BMI

E

D

Normal BMI High BMI Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight MH, fixed, 95%CI MH, fixed, 95%CI

Bickenbach et al [43]   315   728   521 1125   32.9% 0.93 [0.84, 1.04]
Kulig et al [18] 1056 1500   312   492   37.8% 1.11 [1.03, 1.20]
Oh et al [16]   115   311     35     99     4.3% 1.05 [0.77, ]1.42]
Tokunaga et al [15] 1584 6799   180 1126   24.9% 1.46 [1.27, 1.68]
Yamada et al [17]       2   106       1     35     0.1% 0.66 [0.06, 7.06]

Total (95%CI) 9444 2877 100.0% 1.14 [1.07, 1.20]
Total events 3072 1049
Heterogeneity: χ 2 = 26.34, df = 4 (P  < 0.0001); I 2 = 85%
Test for overall effect: Z  = 4.21 (P  < 0.0001)

0.01          0.1              1             10           100
       Favors high BMI        Favors normal BMI

Figure 2  Forest plot. A: For operative time showing overweight in association with longer duration of operative time than non-overweight; B: For morbidity showing 
overweight in association with more postoperative complication than non-overweight; C: For anastomotic leak indicating that overweight correlates with higher rate 
of anastomotic leak; D: For pancreatic fistula showing overweight in association with more pancreatic fistula than non-overweight; E: For long-term survival favoring 
normal weight with better survival results. BMI: Body mass index.
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We evaluated the operation time, intraoperative blood 
loss, and number of  retrieved lymph nodes as indices of  
the surgical difficulty. Both the operation time and blood 
loss for overweight patients with gastric cancer were 
significantly higher than for the normal-weight cohort, 
regardless of  whether open gastrectomy or laparoscopic 
gastrectomy was performed. Being overweight was also 
correlated with significantly fewer retrieved lymph nodes. 
Two reasons may contribute to the lower number of  re-
trieved lymph nodes[6]. First, the excess fat tissue in the 
abdomen could limit the node dissection for overweight 
patients. Second, pathologists would have difficulty obtain-
ing lymph nodes from a large amount of  adipose tissue.

The relationship between high BMI and surgical 
safety for patients with gastric cancer is controversial. In 
the 17 trials providing data about morbidity, ten stud-
ies[18,29,33-36,38,39,42,43] did not indicate that being overweight 
affected the overall postoperative complication rate, 
whereas the remaining 7[15,16,25,28,30,32,40] did. Our meta-
analysis strongly suggests that overweight patients have 
more complications. More specifically, the rates of  pan-
creatic fistula and anastomotic leakage were significantly 
higher in the overweight patients, which also was true in 
the subgroup analysis of  patients receiving open gastrec-
tomy. According to these results, it is clear that overweight 
patients have high risks of  postoperative complications. 
However, it is still uncertain whether a high BMI has a di-

rect influence on the postoperative morbidity. High BMIs 
directly affect the operation times for cholecystectomies, 
colectomies, and unilateral mastectomies but have no 
direct relationship with complications[46]. Increased opera-
tion times and blood loss secondary to high BMI are also 
responsible for high postoperative complication rates[28,31], 

which is likely because prolonged operative times prolong 
the duration of  anesthesia and increase the risk of  throm-
boembolic, cardiac, and respiratory complications. Our 
study found strong evidence (RR < 0.5) for an association 
between being overweight and high rates of  pancreatic 
fistula, as suggested in earlier reports[13,32]. This effect on 
the occurrence of  a pancreatic fistula could be because 
removal of  overweight patients’ pancreatic capsules is dif-
ficult; they have poor differentiation between the pancreas 
and excess pancreatic fat deposition[47,48]. This could also 
hamper peripancreatic node dissection and increase the 
potential for iatrogenic injury to pancreatic tissue. More 
interestingly, according to one included study[26], mini-
mal damage to the pancreatic tissue, which would never 
cause a pancreatic fistula in patients with low visceral fat 
area (VFA), could result in pancreatic fistula in high-VFA 
patients. Visceral fat maybe play an important role in the 
pathogenesis from pancreatic injury to pancreatic fistula. 
Therefore, being overweight could have a direct influence 
on the postoperative complication rate, as is the case for 
pancreatic fistulas. Although overweight patients suffered 

  Outcome variables Studies Pooled patients Pooled RR or 
MD or HR

95%CI Test for overall effect Test for heterogeneity

Z P  value I 2 P  value
  Overall patients
     Operative time   9   5905        -29.14   -38.08, -20.21   6.39   < 0.00001 70%         0.0008
     Retrieved lymph nodes   6   4612            1.69       0.75, 2.62   3.55       0.0004   9%         0.36
     Blood loss   5   2096      -194.58 -314.21, -74.95   3.19       0.001 86%     < 0.00001
     Morbidity 17 17514            0.75       0.66, 0.85   4.48   < 0.00001 58%         0.001
     Anastomotic leak 19 12367            0.59       0.42, 0.82   3.07       0.002 34%         0.07
     Pancreatic fistula   8   2959            0.46       0.34, 0.63   4.90   < 0.00001 16%         0.3
     Mortality 13 16590            0.86       0.58, 1.29   0.71       0.48   0%         0.76
     Postoperative hospital stay   6   4552          -5.83   -13.44, 1.78 1.5       0.19 98%     < 0.00001
     Cancer-specific survival   5 12321            1.14       1.07, 1.20   4.21   < 0.0001 85%     < 0.0001
  Patients receiving open gastrectomy
     Operative time   7   2179        -25.24   -33.53, -16.95   5.97   < 0.00001 53%         0.05
     Retrieved lymph nodes   6   2838            3.81     -0.34, 7.96 1.8       0.07 91%     < 0.00001
     Blood loss   5   1708      -212.93 -301.04, -124.82   4.74   < 0.00001 74%         0.004
     Morbidity 11 12510            0.78       0.66, 0.94   2.68       0.007 64%         0.002
     Anastomotic leak 14   7320            0.58       0.38, 0.89   2.51       0.01 37%         0.08
     Pancreatic fistula   6   2470            0.46       0.38, 0.67   4.03   < 0.0001 37%         0.16
     Mortality 10 12763            1.17       0.69, 2.01   0.58       0.56   0%         0.83
     Postoperative hospital stay   4   1339          -2.04     -6.00, 1.91   1.01       0.31 80%         0.002
     Cancer-specific survival   4 12180            1.14       1.07, 1.20   4.23   < 0.0001 89%     < 0.00001
  Patients receiving laparoscopic gastrectomy
     Operative time   4   1845        -15.06   -17.41, -12.70 12.52   < 0.00001   0%         0.52
     Retrieved lymph nodes   3   1746            2.11       1.35, 2.88   5.39   < 0.00001   0%         0.61
     Blood loss   3     360        -47.83   -68.12,-27.53   4.62   < 0.00001 47%         0.15
     Morbidity   6   3151            0.48       0.29, 0.79   2.91       0.004 67%         0.009
     Anastomotic leak   6   3194            0.83       0.42, 1.65   0.53       0.6 32%         0.2
     Pancreatic fistula   3     489            0.3       0.08, 1.20 1.7       0.09 10%         0.33
     Mortality   3   1833            0.4       0.12, 1.30   1.53       0.13   0%         0.41
     Postoperative hospital stay   3   1833            0.17     -0.80, 1.15   0.35       0.73 34%         0.22
     Cancer-specific survival   1     141            1.65       0.13, 20.70   0.39       0.7 Not applicable Not applicable

Table 2  Summary statistics of pooled data comparing normal body mass index vs  high body mass index for overall patients, patients 
receiving open gastrectomy and laparoscopic gastrectomy
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more complications, no difference was detected for mor-
tality, which might be attributed to the advancement of  
perioperative management. Changes in perioperative man-
agement have dramatically decreased the death rate from 
serious postoperative complications such as pancreatic 
fistula and anastomotic leakage. Thus, it is safe to perform 
radical gastrectomy in overweight patients.

Relevant studies reported conflicting results on the 
relationship between being overweight and long-term 
survival[6,7,28,31,40,49,50]. Theoretically, excess visceral fat and 
being overweight could negatively affect survivorship by 
increasing the rates of  coexisting disease and postopera-
tive complications. In addition, according to Adachi et al[6], 
incomplete lymph node dissection in overweight patients 
could result in retention of  metastatic nodes that are 
responsible for the worse survivorship. Increased long-
term survival in normal-weight patients was found in the 
current review and is consistent with the hypothesis that 
excess accumulation of  visceral fat could impair patient 
survival and promote tumor recurrence. Unfortunately, 
among the 23 analyzed studies, only five were included in 
the analysis of  survivorship; thus, the survivorship results, 
with fewer data points, are less convincing. However, 
during the data extraction, we noticed that the percent-
age of  patients with early gastric cancer was greater for 
the overweight cohort. Compared with advanced gastric 
cancer patients, patients with early gastric cancer have a 
significantly higher long-term survival rate[51]. Although 
the overweight cohort had more patients with early gastric 
cancer, who might have a more promising prognosis, the 
overall long-term survival was still significantly lower in 
this cohort. This is indirect evidence that being overweight 
can impair the long-term survival of  gastric patients. In 
addition, we do not think that the decreased long-term 
survival was caused by the increasing comorbidity related 
to being overweight, such as diabetes and cardiovascular 
disease because we used cancer-specific survival as the in-
dicator of  long-term survival. 

High BMIs increase the difficulty and decrease the 
safety of  laparoscopic gastrectomy procedures, as is the 
case with open gastrectomy. These findings are consistent 
with some previous studies[25,30,36]. However, other stud-
ies[37-39] did not show significant differences in the mor-
bidity between overweight and normal-weight cohorts 
for laparoscopic gastrectomy. Unlike open gastrectomy, 
laparoscopic gastrectomy can achieve excellent visibility 
even for overweight patients because the pneumoperi-
toneum creates sufficient extra space in the abdominal 
cavity. Although the laparoscopic procedure has these ad-
vantages, the results of  our study still suggest that being 
overweight negatively affects the difficulty and safety of  
laparoscopic gastrectomy. 

Moreover, being overweight increases the difficulty 
and impairs the safety of  both total and subtotal gas-
trectomies. However, a subtotal gastrectomy seems to 
be safer than a total gastrectomy for overweight patients 
because subtotal gastrectomy did not increase the rate 

of  pancreatic fistula occurrence in the overweight group, 
which is a severe complication after gastric surgery. In 
addition, after subtotal gastrectomy, the numbers of  re-
trieved lymph nodes did not differ significantly between 
the two cohorts, while there was a difference in the num-
ber of  lymph nodes retrieved after total gastrectomy.

Because of  the relationship between being overweight 
and impaired surgical safety, surgeons should be more care-
ful when performing radical gastrectomy in the future. In 
addition, for suitable cases, performing a subtotal gastrec-
tomy might be safer than performing a total gastrectomy.

This meta-analysis has some limitations. First, most of  
the studies in this meta-analysis were rated as low or very 
low quality due to their retrospective study designs. All 
included studies are nonrandomized in nature and have 
a risk of  bias. Although randomized trials are the gold 
standard for study design, random allocation of  patients 
with different BMIs is hardly feasible. To overcome this 
limitation in the future, more rigorously designed studies 
with a good balance of  other confounding factors, such 
as age and tumor-node-metastasis stage, are needed. Sec-
ond, although BMI ≥ 25 kg/m2 was used as a criterion 
for classifying patients as overweight, it may be not the 
best index because the distribution of  fat tissue could dif-
fer greatly between individuals, even those with the same 
BMI[26,52]. Therefore, individuals with the same BMI could 
have different surgical outcomes due to their different fat 
distributions. Some studies[26,39,53] have indicated that the 
VFA is a better index than BMI. Third, the procedure 
type and extent of  node dissection differed among the 
studies in our meta-analysis. Moreover, gastric cancer was 
more prevalent in Eastern countries than Western ones. 
As a result, surgeons from Eastern countries could have 
more experience in performing the surgeries and dealing 
with the postoperative complications. Additionally, the 
higher incidence of  gastric cancer has led to earlier diag-
nosis in Asian countries. Therefore, the proportions of  
early gastric cancer cases differed between studies from 
the East and West in this review. All these factors could 
account for the heterogeneity of  some results and jeopar-
dize the reliability of  the conclusions. The limitations in 
the previously published data could potentially affect the 
analysis of  both groups. Publication bias was a possible 
source of  bias during the meta-analysis because positive 
results are more likely to be published. Several methods 
have been proposed for detecting bias and, in this review, 
we detected publication bias by a funnel plot and Egger’s 
regression method, which is reliable when the number of  
included trials is not less than 10. It turned out that our 
results did not show significant publication bias (P > 0.05) 
for the parameters in this review. 

In conclusion, this meta-analysis indicates that over-
weight patients with gastric cancer have increased surgical 
complications and worse short-term operative outcomes 
than patients with healthy weights, and these results were 
consistent for patients who underwent either a laparo-
scopic gastrectomy or an open gastrectomy. Although no 
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evidence was detected to indicate that being overweight 
had higher postoperative morbidity, being overweight de-
creased the long-term survival. 
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